The relationship between pastoralists, their livestock, wildlife and the rangelands of East Africa is multi-directional, complex and long-standing. The tumultuous events of the past century, however, have rewritten the nature of this relationship, reshaping the landscapes that were created, and relied upon, by both pastoralists and wildlife. Presently, much of the interaction between wildlife and pastoralists takes place in and around protected areas, the most contentious occurring in pastoral lands surrounding national parks. In conservation terminology these areas are called buffer zones. In the past century buffer zones have been shaped by, and contributed to, restrictive conservation policies, expropriation of land, efforts to include communities in conservation, both positive and negative wildlife/livestock interactions, and political tensions. In this review paper, the authors outline the history that shaped the current relationship between pastoralists, livestock and wildlife in buffer zones in East Africa and highlight some of the broader issues that pastoralists (and pastoralism as an effective livelihood strategy) now face. Finally, they consider some of the sustainable and equitable practices that could be implemented to improve livelihoods and benefit wildlife and pastoralism alike.
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Pastoralism and wildlife
Pastoralist/wildlife interactions go beyond co-creation of landscapes. Wild grazers use proximity to pastoralist homesteads to avoid non-human predators and exploit dams, built for livestock, as a source of water (18). Pastoralists create and set aside rich pasture for their livestock herds, providing nutritional benefits to wild herbivores. When transhumant pastoralists move, nutrientdense forage flourishes in the richly fertilised soil on which their homesteads stood (19). Further, it has been suggested that species such as gazelles and wildebeest, which prefer the short grass that emerges following grazing succession in which coarse grass is stripped to reveal nutrient-rich young shoots and cut basal stems (20, 21), actually benefit from the grazing of livestock (12, 18) . Even the planted trees ('live fencing') around the livestock corral provide shade and cover for ungulates hiding from predators (12) .
Benefits also flow the other way. Since pre-historic times pastoralists have, in times of drought, disease or other adverse conditions, hunted wildlife for food (12) . Pastoralists have also utilised wild herbivores to track forage availability for their livestock and, through close observation of movement patterns, have relied on species such as wildebeest as indicators of rainfall (18).
The presence of wildlife on the rangelands has also presented many challenges to pastoralists. Species such as elephant and buffalo (Syncerus caffer) pose threats to human life and, together with smaller herbivores, cause crop damage, whilst carnivore species prey upon livestock. There has also been an ongoing debate about the importance of grazing competition between wild and domestic species (22). One of the most significant challenges posed by wildlife, however, involves the transmission of infectious disease (23). Indeed, archaeological evidence suggests the first 'pastoralist' colonisation of sub-Saharan Africa was a halting process, with cattle-based economies in eastern Africa not appearing until a thousand years after the introduction of small stock (11, 24) , possibly due to exposure to endemic wildlife diseases (trypanosomiasis, wildebeest-associated malignant catarrhal fever [MCF] , East Coast fever [ECF] and Rift Valley fever) that were novel and virulent in cattle (11) . Consequently, early pastoralists may have only settled in the rangelands south of the Sahel after consolidating ethnoveterinary epizootiological knowledge and the evolution of disease avoidance strategies such as: -burning practices that encouraged fire-tolerant grass species (11, 25) and also killed tick vectors for diseases such as ECF -clearing woodlands for fuel, building materials and agricultural planting, which had the effect of reducing the habitat for tsetse vectors of trypanosomiasis (11, 26) -avoiding wildebeest calving areas to reduce transmission of MCF.
Avoidance of wooded areas (except in times of drought when the need for forage was greatest and the vector populations lowest) and crossing woodland belts at night (when tsetse were not active) also reduced disease threats. Disease exposure was not completely eliminated, however, and over time, the low-level exposure experienced by otherwise healthy animals is likely to have stimulated the development of immunity and evolution of endemic resistance in pastoralists' cattle (27). However, despite disease avoidance strategies and the development of resistance in cattle, disease continues to cause significant losses for pastoralists. A 23-year study estimated that disease caused twice the losses incurred by predation from carnivores (28), and recent work in Laikipia County (Kenya) puts the figure even higher (C. Amphlett, unpublished data, 2015). Nonetheless, despite an epidemiological role, only in relatively few (but important) diseases (e.g. MCF in wildebeest, bovine tuberculosis and foot and mouth disease in bovines, and anthrax in wild herbivores) are wildlife thought to contribute significantly to contemporary epidemics affecting livestock (29).
Thus, pastoralists and wildlife have co-existed and competed for millennia in the rangelands of East Africa using similar and complementary adaptations. However, at the end of the 19th Century, shifting socio-political factors began to dramatically reshape the East African landscape (30).
The winds of change
Several factors precipitated great change. In 1883, livestock in Kenya and Tanzania were hit by an outbreak of contagious bovine pleuropneumonia (31) . In the 1890s, a rinderpest epidemic wiped out more than 95% of cattle in East Africa, whilst colonial and internecine warfare proliferated and novel diseases, such as smallpox and leishmaniasis, persisted (31) . While the combined effects of these events on pastoralists varied, widespread famine significantly reduced pastoralist populations overall (31). For example, over two-thirds of the population of Maasai pastoralists in Kenya and Tanzania perished and the ecological systems they managed collapsed (31) .
The decimation of the pastoralist populations led to a reduction in their vegetation-controlling practices (i.e. grazing, burning), which resulted in a massive expansion of acacia woodland and bushy thickets throughout East African rangelands. This, in turn, led to a proliferation of tsetse flies, increasing the incidence of trypanosomiasis. The threat of cattle contracting this lethal disease discouraged people from returning to their homesteads, forcing them away from their ancestral lands (12, 27, 32) .
The rinderpest epidemic also had a dramatic impact on rangeland ecological dynamics. Wild ungulate populations, e.g. Cape buffalo, eland (Taurotragus oryx), giraffe (Giraffa camelopardalis) and wildebeest, were highly susceptible and their populations were decimated, as were ungulatedependent predators. Not all wildlife species were equally affected, however: Thompson' s gazelles (Eudorcas thomsonii), Grant' s gazelles (Nanger granti), topi (Damaliscus korrigum) and others were only moderately affected, whilst populations of elephant, rhino (Rhinocerotidae), zebra (Equus quagga) and hippo (Hippopotamus amphibius) actually increased (12) .
This new dynamic, a landscape sparsely populated by people and dominated by rinderpest-resistant wildlife populations, coincided with the post-Berlin Conference (1884-1885) arrival of colonial administrations which, assuming this dynamic to be the norm rather than a unique historical moment (10) , set it as the benchmark against which wildlife conservation has been judged ever since. Further, in the early decades of the 1900s when the colonial domination of East Africa was at its peak, the large populations of many wildlife species and, more specifically, their availability to be hunted, were seen as an asset by the colonial administrators to attract the European gentry and their money to Africa. Trophy hunting became an important and protected source of revenue (30), and indigenous pastoralists and their livestock, rather than being viewed as integral to these landscapes, were often considered to be living incompatibly with wildlife conservation and something from which the rangelands, and wildlife in particular, needed protection (12) .
This ideology led to the expropriation of large tracts of land to be set aside for exclusive wildlife-related activities such as hunting (predominantly by white elites), tourism and conservation (12, 33) . With the exception of the Ngorongoro Conservation Area (established in Tanzania in 1959), where pastoralists, in exchange for vacating the Serengeti, were granted secure tenure to live alongside wildlife within a multiple land-use protected area, the creation of national parks caused a rift between, and sought to separate, wildlife conservation and pastoralism.
Potentiating this rift were rangeland and social sciences that, during colonialism, developed novel criticisms of pastoralism. Pastoralists of East Africa were considered to suffer from a 'cattle complex' (34) , in which large herds of cattle were irrationally kept for reasons of wealth and culture in numbers that were assumed to exceed the 'ecological carrying capacity' of the land. Inspired in part by the Dust Bowl catastrophe in the United States, it was thought that the pastoral rangelands of East Africa were so-called equilibrium environments, driven by classic feedback mechanisms (35) . The consensus was that livestock populations and co-existing wildlife were limited by available forage in a density-dependent manner. Thus, if pastoralist herds were allowed to increase above carrying capacity, density-related crashes would inevitably follow, causing degradation and desertification. Outside observers assumed CPR lands to be open access to all with no regulation of use and that pastoral people were, in accordance with the 'tragedy of the commons' theory (36), individually exploiting resources for personal short-term gain at the expense of long-term stability. The avoidance of large-scale extinctions in the area was assumed to be a result of moving to new areas after degrading previously occupied environments (see Ellis & Swift [37] for a critique of these rangeland degradation theories).
The discourse of irrational pastoralism was useful to, and influenced, conventional development practices of the colonial era, which included interventions to 'modernise' rangeland management. The principal objective of these 'blueprint' development interventions, beyond imposing colonial or state knowledge as superior to local land-use practices (38) and wrestling control of coveted resources from pastoralists, was to limit the number of livestock per unit area (6) . Development projects were designed to 'settle' pastoralists in confined spaces (colonial reserves, ranches, villages) where the provision of resources and technical interventions could be managed by the state, to raise 'productivity' and better regulate the interaction between livestock and plants. These interventions were, however, based on the false social and ecological assumptions that pastoralists were not engaged in market behaviour, nor were they interested in 'improved' beef cattle, and that rangelands were equilibrial systems that, with good management, would have the capacity to support stable, balanced populations of livestock and people (6, 37) .
A modern perspective on a changing landscape
As rangeland science has developed, the perceived equilibrium dynamics of rangeland ecosystems, and the appropriateness of modern ranching practices, have been increasingly called into question. Empirical studies in northern Kenya and Australia concluded that in droughtstressed rangelands, where single-and multiple-year droughts occur every four to ten years, it was the variability of the rainfall, and not its mean, that dominated vegetation dynamics. In these chaotic and variable systems vegetation productivity is more related to rainfall patterns than grazing intensity (39, 40, 41) , and to optimise productivity requires, just as pastoralists had devised millennia before, a system of mobility that enables access to pasture and water across a wide area (2, 37).
The changing face of pastoralism
However, due in part to the impacts of changes in land tenure, conservation and land fragmentation, keeping livestock in the traditional pastoralist manner in East Africa has, in recent decades, become increasingly difficult. Modern economic demands require pastoralist households to have access to cash to pay for health care, education and food, increasing the need for livelihood diversification to generate income (42, 43, 44) . From wage labour in cities (45) , to involvement in gemstone mining and selling of beadwork and livestock products (46, 47) , these shifts can be seen as coping strategies to protect households from having to sell livestock (48) . One livelihood change that is steadily increasing, particularly in critical buffer zone areas in Kenya and Tanzania, and that has the potential to devastate pastoralism and wildlife, is the conversion of lands for cultivation, particularly large-scale cultivation (49, 50) , which is often funded by outside investors.
The impact of cultivation in pastoral communities and wildlife buffer zones
In the past 50 years, pastoralists in East Africa have become increasingly reliant on agricultural products as well as participation in farming. The proliferation of agriculture has been caused, in part, by a growing preference for agricultural foods as well as the decline of livestock numbers relative to humans (44) , but also reflects state biases in agricultural development. A reduction in the livestock per capita ratio, declining milk yields in the dry season, and an overall increase in food insecurity following drought or outbreaks of livestock disease have also contributed to this change (44) . Additionally, government policies in East Africa, which view transhumant pastoralism as incompatible with ecological health (51), modernity or wildlife conservation (52) , have pressured pastoralists to reduce livestock numbers and take up farming (51) . For example, Tanzania' s 'Kilimo Kwanza' ('Farming First') policy encourages agricultural production over pastoralism, leading to land disputes and resettlement to facilitate large-scale agricultural production (53) . Cultivation is also viewed by pastoralists as a good way to stake a prior claim against threats of land being expropriated for conservation (54, 55, 56) or conversion to industrial agriculture (57) .
Despite growing pressures to cultivate, in many areas of East Africa rangeland aridity and marginal soil fertility limit the potential for cultivated food production. Additionally, rangeland cultivation removes dry season pastureland, which is vital for wild and domestic herbivores. Furthermore, some predict that climate change will make East African rangelands warmer, increase rainfall unpredictability, reduce plant-available moisture, and increase the frequency of extreme climatic events (58) . These changes may favour mobile livestock keeping in non-fragmented rangelands, rather than cultivation which requires heavy inputs and leads to more fragmentation (59, 60, 61) .
The conversion of rangelands to agricultural plots also reduces the options for preventing infectious diseases in livestock (12) . For example, with mobility increasingly restricted, traditional strategies such as grazing cattle away from wildebeest during calving season to avoid MCF are difficult to practise (12) . This has resulted in significant losses, for example in cattle herds living near Lake Naivasha, Kenya (N. Lyons, unpublished data, 2015). Additionally, as grazing options become increasingly limited, herds are forced to share pastures, which increases the risk of transmissible and vector-borne diseases (12, 62) .
Wildlife populations, which need to range widely to find forage and water (often outside of protected areas), are also affected by cultivation because it limits their mobility. When rangeland ecosystems surrounding protected areas are dominated by conservation-compatible land uses such as herding and small-scale farming, mobility is not inhibited and the biodiversity of the whole landscape benefits (12, 63) ; however, where large-scale land conversion for cultivation (primarily a product of state-driven leasing or selling of land to outside investors) has taken place around protected areas, the impact on wildlife can be devastating (63) . For example, in Kenya, privatisation and conversion of formerly communal rangeland around the Maasai Mara National Reserve to commercial monoculture entailed drastic landcover changes resulting in significant wildlife declines (49, 64, 65, 66) . A similar pattern is occurring around Tanzania' s Tarangire National Park, where permanent subsistence and large-scale farming is increasingly isolating the park and leading to declines of large mammal species (67, 68) . Additional factors that impact wildlife movements and close migration corridors, whilst also limiting access to traditional pastoral rangelands, include urbanisation and land segmentation, for example in Kajiado and Kitengela (Kenya) (69) .
Conservation and community lands
In recent years, therefore, it has become apparent that conservation goals are not only dependent on statecontrolled protected areas but also the viability of the surrounding community lands (70, 71, 72) and on local people' s tolerance of wildlife on those lands. This has led to a myriad of stakeholder-based initiatives (72, 73) such as Integrated Conservation and Development Programs, Community-Based Natural Resource Management, Community-Based Conservation, payments for ecosystem services (PES), private conservation easements, and, in Tanzania, state-driven and state-controlled 'community conservation' land management policies. These approaches primarily aim to conserve land outside protected areas, whilst compensating local communities for associated costs (71, 73, 74, 75) . However, following scrutiny and critique (42, 71, 72, 74, 76) , it has been suggested that many of these measures have actually resulted in communities deriving limited benefits and, at times, incurring increased costs.
What are the reasons for community conservation failures? A long history of exclusion, resulting in antagonistic and contentious relationships between the pastoralist and conservation sectors, has stifled cooperation (71, 74, 76, 77, 78, 79, 80) . Furthermore, the relative marginalisation of pastoralists within conservation initiatives, their exclusion from decision-making processes regarding their land, and increased restrictions on the use of natural resources have contributed to fraught relationships (81) . As a result many 'community-based' conservation initiatives fail, the fragmentation of rangelands increases and socio-political conflicts over land, land use, and livelihoods, especially in the contentious and important buffer zone areas, persist (7, 55, 56, 81) .
Socially just and environmentally sustainable progressive pastoral policies
The preceding discussion outlines the complex and codependent relationship of wildlife and pastoralism, both of which face a precarious future. Thus, there is a need to develop new policies for rangeland management that support both wildlife populations and livestock herds. While many perceive the conservation of wildlife as having an intrinsic value for humanity, it is also undoubtedly important for economic development. In East Africa, wildlife tourism is estimated to contribute 7-18% of GDP (82, 83) .
Similarly, pastoralism contributes significantly throughout East Africa to national GDPs, potentially equivalent to the contribution of agriculture (84) . Further, if human rights, cultural identities and marginalised communities are to be upheld and supported, the protection of pastoralist livelihoods is critical (56, 84, 85) . Consequently, there are both economic and culturally compelling reasons to ensure that the management of pastoral lands, particularly those surrounding protected areas, remains socially equitable and environmentally sustainable. To achieve this, progressive pastoral policies that learn from the failures and successes of community-based initiatives, and which respect local knowledge, land use, and livestock management practices, need to be developed. Furthermore, these progressive policies should balance the objectives of national conservation agendas with the cultural autonomy and self-determined development requirements of pastoral communities.
If interventions are to succeed, so that buffer-zone areas pay both biodiversity and livelihood dividends, they need to be built upon an understanding of the dynamics of the target systems on which they will be imposed. Rather than instituting wholesale changes it would be beneficial if the best aspects of the indigenous pastoral system were retained with flexibility built in, so that in times of drought demand on livestock can be reduced and wider access to food and markets made available (37, 86) . The acknowledgement and facilitation of the strong links between pastoral communities and national economies will help in this respect (37, 84) .
To ensure community support, initiatives that local people find useful should also be developed and the outputs, outcomes and impacts must be agreed upon at the outset by a diverse range of partners, including communities living in the target areas, researchers, and governmental and nongovernmental service providers (86, 87) . For example, this approach, termed transdisciplinary research, has been used to help provide integrated health services in Chad (88, 89) . Yet positive outcomes do not come from passive, consultative types of participation (90, 91) . Local communities need to play active roles and have autonomy in decision-making, so that the decisions they take to act in different ways are recognised by powers beyond the local to have meaning and efficacy. To create the environment in which this can happen an element of social learning (for all stakeholders) should be implemented, in which the complex ecological issues at stake as well as local viewpoints, needs, and histories are considered. Importantly, it must not be just the views of the scientific elite that are incorporated into rangeland development programmes. Rather, investment in the social capital of pastoralist communities will be vital, especially in terms of providing access to critical resources within a community (50) . For example, pastoral social organisations and networks should be provided space to lead so that development programmes are informed by indigenous knowledge. This may be time consuming and expensive but, if it ensures the full support of the community and stewardship over the long term, while building trust between partners (M. Goldman & A. Davis, unpublished data), it may also pay dividends (90) .
Any progressive pastoral policy, in addition to recognising and supporting mobility as a key strategy, must describe how the improvement of the efficiency of livestock production systems is to be achieved. For example, improvements can be made through the provision of improved veterinary care to control infectious diseases that impose significant costs on pastoralist livestock owners who are increasingly unable to exploit traditional avoidance strategies (28, 92). If successful, improvements in the efficiency of livestock systems could result in considerable economic benefits for the pastoral sector, as they will enable pastoralists to produce more livestock products to sell at local markets. One initiative that has successfully improved efficiency is the implementation of the 'infect and treat method' to protect cattle from East Coast fever. This strategy, which has been shown to be popular with pastoralists, results in fewer calf deaths, increased milk production and significant economic benefits to pastoral communities (93) .
Ultimately, if East African pastoralism and wildlife are to thrive then pastoralists themselves will need to be given responsibility for looking after their land and provided with the political means to do so in a manner that is compatible with both livestock keeping and conservation (94) . To facilitate this, pastoralism and the economic benefits it accrues, should be officially recognised at national levels as a viable livelihood strategy compatible with wildlife conservation. One way of doing this is to grant land tenure rights that guarantee the freedom to pursue a conservationcompatible mobile transhumant existence protected by law. Furthermore, pastoralists should play leading roles in the development of policies at national level and, perhaps more importantly, at regional level, as these policies will inevitably affect them most.
Pastoralist representation exists in places such as Ethiopia, Kenya, and Uganda, where various parliamentary bodies for pastoralists have been established with varying levels of formalisation (95) . However, there is no universal agreement on what 'representation' may mean (96) . While there are Members of Parliaments who represent pastoralist regions, formal pastoralist policies at national levels more often promote pastoralist 'modernisation' rather than support traditional pastoral livelihoods (97, 98, 99) . Consequently, in places such as Kenya and Tanzania, traditional pastoral interests are represented by active civil societies who are making strides to improve land use, secure tenure, build political forums and educate and empower local communities (100).
Pastoralism and wildlife have co-existed on the savannahs of East Africa for millennia. Since the 1800s the role this co-existence has played in 'managing' rangelands has been ignored and, in many places, replaced by Western management techniques and a belief that wildlife is best conserved in landscapes without people (12) . As the dependence of rangeland protected areas on the ecological viability of the surrounding community lands (buffer zones) becomes apparent, so the efficacy of this isolationist strategy is increasingly called into question and the key role that the indigenous systems play in managing these semiarid lands becomes clear. With global human population growth, expansion of global capitalist markets and increased rangeland fragmentation making traditional pastoral systems increasingly difficult to maintain, progressive policies are required if the CPR lands surrounding protected areas, so vital to both conservation and pastoral communities alike, are to be managed in a sustainable manner. As has been the case for thousands of years, pastoralism and wildlife in East Africa remain entwined, with the futures of both in the balance. A forward-thinking holistic approach is required if this co-existence is to continue.
Pastoreo y fauna salvaje: aspectos históricos y perspectivas actuales en los pastizales esteafricanos de Kenia y Tanzania
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Resumen Las comunidades pastorales, su ganado, la fauna salvaje y los pastizales de África oriental mantienen entre sí una arraigada relación, compleja y poliédrica. Los tumultuosos acontecimientos del siglo pasado, sin embargo, redefinieron la naturaleza de esta relación y remodelaron los paisajes que los pastores y la fauna salvaje habían ido configurando y de los cuales dependían. A día de hoy el grueso de las interacciones entre la fauna salvaje y los pastores se produce en el interior o las inmediaciones de zonas protegidas: la cuestión resulta especialmente espinosa en las tierras de pastoreo que circundan los parques nacionales. En el léxico de la protección de la naturaleza estos espacios se denominan «zonas tampón». En el curso del pasado siglo se fueron delimitando zonas tampón que eran a la vez resultantes y generatrices de políticas restrictivas de protección, expropiaciones de tierras, iniciativas de reforma para incluir a las comunidades 
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